In this communication, we demonstrate the novel preparation of alloy metal nanoparticles using a nanometer-sized metal coordination polymer (MCNP) as a precursor. The presented method works effectively for the construction of an uncommon alloy nanoparticle such as a IV semiconductor-transition metal alloy. Iron trisoxalategermanium MCNPs stabilized by stealylamine (SA) were newly synthesized in reverse micelle technique, and Ge-ox-Fe-SA was successfully transformed into GeFe 1.4 alloy metal nanoparticles by a gas phase reduction of metal sites under H 2 , accompanied by the removal of the bridging oxalate ligands. The prepared GeFe 1.4 nanoparticles exhibited unique ferromagnetic behavior.
Nanoparticles have attracted much interest for decades especially because of their peculiar properties induced by the quantum size effect and their high ratio of surface atoms. The research has been approached from various points, e.g., synthetic methods, assembly, and characteristics. Research into "alloy metal nanoparticles," comprised of several metal atoms, is expected to characterize their unknown natures (1) , that is, the. catalytic, magnetic, and optical functions which are provoked by the electronic interaction among the constituent metal elements. Various preparations (2) , e.g., the reduction of metal ions in solution, nanoscale-phase transition, and electrochemical process, have been investigated to date.
Here we propose the brand-new concept of synthesizing an alloy metal nanoparticle using a nanometer-sized metal coordination polymer (3) as a precursor. The metal coordination "nanopolymers" (MCNPs) possess an excellent quality: the elemental components can be controlled as desired, just by mixing the selected metal ions and the appropriate organic bridging ligand with the uniform composition in a nanometer range, as presented in our previous paper relating to the cobalt hexacyanoferrate/chromate system (4) .
In this communication, we synthesize the novel MCNPs, which are iron tetraoxalategermanium MCNPs stabilized by stearylamine (SA) (Ge-ox-Fe-SA) in reverse micelle technique, and succeed in transforming Ge-ox-Fe-SA into GeFe 1.4 alloy metal nanoparticles by a solid phase reduction of metal sites under H 2 accompanied by the thermal decomposition of the bridging oxalate ligands. It should be also mentioned that there are only a few reports about the preparation of IV semiconductor-transition metal alloy nanoparticles. Among them, GeFe x alloy metals as a magnetic material is very interesting because it is known to be sensitively influenced by their metal elemental ratio (5) . We show that this method is practical for preparing such an specificl alloy nanoparticle.
Ge-ox-Fe-SA was synthesized by mixing two transparent reverse micelle solutions, each of which was prepared from 2 mL of 0. to all of Ge and Fe atoms were added to the reaction mixture and vigorously stirred for another 1 h, followed by the addition of sufficient methanol to deposit a slurry product on the bottom of sample tube by a centrifuge. The final precipitate was washed with methanol, and dried overnight in vacuum at room temperature to give a quantitative powdery compound (Ge-ox-Fe-SA). The transformation reaction of Ge-ox-Fe-SA was performed after supporting on SiO 2 (5 wt% of Ge and Fe). The SiO 2 -supported Ge-ox-Fe-SA was reduced in a circular furnace in H 2 atmosphere (N 2 /H 2 = 10, the total gas flow rate is 330 mL/min.). The reaction temperature in the furnace was first held at 400 ºC for 1h, and then raised to the prescribed temperature (at 400 (1), 600 (2), 800 (3) and 1000 ºC (4)) with 2 h of holding time. The heating rate was 10 ºC/min. After the reaction, the furnace was cooled down naturally to the room temperature. The compounds were kept in a N 2 atmosphere.
In the TEM image of Ge-ox-Fe-SA, the spherical particles were observed to be separated from each other with an average diameter of 4.2 nm (Fig. 1a) . The FT-IR spectrum of Ge-ox-Fe-SA showed ν(CH) at 2917 cm On the basis of the TG analysis, the practical transformation reaction of Ge-ox-Fe-SA was performed by applying the two-stepwise holding temperature in the H 2 atmosphere. First, the temperature was maintained at 400 ºC for 1 h to accelerate the decomposition reaction of the oxalate ligand; it was then changed to the second holding time between 400 to 1000 ºC. XPS spectra of compounds 1-4 showed that the Ge3d signal at 32.6 eV gradually shifted negatively to 31.8 eV with increasing reaction temperature, accompanied by the appearance of a new additional peak at 29.4 eV (Fig. 2a) . The former is thought to derive from the surface atoms, while the latter is from the inner ones (9) . The same trend was observed about the Fe2p signal, suggesting that in practice the reduction of the Ge and Fe sites took place to produce the metal-metal bonding of Ge 0 -Fe 0 . The transformation of
Ge-ox-Fe-SA was completely finished over 800 ºC, considering that the intensity ratio and the peak position of the two peaks became constant between 3 and 4. In the TEM image of 3, small particles with ca. 2~3 nm diameter could be recognized; the size was reduced compared to that of Ge-ox-Fe-SA (Fig. 1) . It is plausible that the particle shrinks during the transformation process since the bridging oxalate ligands are removed from the particle core. The XRD patterns of 1 and 3 were entirely different from that of Ge-ox-Fe-SA, confirming that the physical construction change arose gradually, dependent on the reaction temperature. In particular, the diffraction peaks of 3 (at 31.4, 44.7, 45.4, and 65.7º) agreed with those of GeFe 1.4 from the JCPDS data of which the metal elemental ratio is almost close to that of the starting Ge-ox-Fe-SA. These results demonstrate that Ge-ox-Fe-SA can be converted to a GeFe 1.4 particle by the complete reduction of the metal ions and the thermal decomposition of the oxalate ligands. Finally, it has been also demonstrated that the magnetic properties of Ge-ox-Fe-SA are varied dramatically before and after the transformation process. Field-cooled (FC) and zero field-cooled (ZFC) magnetization versus temperature curves of Ge-ox-Fe-SA, 1, and 3 indicate that 3 exhibits ferromagnetism, while Ge-ox-Fe-SA and 1 exhibit diamagnetism and paramagnetism, respectively (Fig. 2b) . The magnetic nature of GeFe x alloy metals is extensively influenced by their metal elemental ratio, and the GeFe 1.4 alloy possesses a B8 2 type structure (η phase) with the ferromagnetism. 5 The unique magnetic properties of GeFe x alloy nanoparticles are under investigation in our laboratory, where we are exploring the dependence of the metal elemental ratio and particle size, including comparison with a bulk form.
In conclusion, we have described the novel preparation of iron trisoxalategermanium metal coordination nano-polymers protected by an alkyl ligand of stearylamine (Ge-ox-Fe-SA) using a reverse micelle technique. The prepared Ge-ox-Fe-SA particles were obtained as a powdery form to redissolve in a less polar solvent with surrounding hydrophobic SA ligands. Ge-ox-Fe-SA was transferred to a GeFe 
